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12 Unfortunately, most Near Eastern archaeologists publish these pieces simply as 'native' or 'local', without any indication of whether the fabric is local to the site, local to the region, or simply non-Aegean. 13 Discussions between AL and Dr Jonathan Tubb (British Museum), the Director of the Tell es-Sa'idiyeh excavations. These pieces will be published by AL in Tubb's final publication of this important and impressive site. questions quickly arose. Could these vessels have been manufactured at or near Tell esSa'idiyeh by the same (relatively local) potters who supplied the area with the pottery used at the site for domestic chores? If so, were the jars made to compete with (or augment) a continuing trade in genuine imports, or were they intended to replace a product that for some reason no longer reached these inland markets? If they were not made by potters from the area, could these stirrup jars present evidence for the presence of Aegean potters in the central Jordan Valley during the Late Bronze Age? Obviously, answers to such questions would require more than the traditional methods of study.
In the past, most studies of Aegean pottery from non-Aegean archaeological contexts that have incorporated non-traditional or scientific methods, such as neutron activation analysis (NAA), optical emission spectrometry (OES), and X-ray photoelectron spectroscopy (XPS), have concentrated on the identification of clay provenance; in other words, they attempt to answer the question of where a particular vessel was made.14 The very valid premise in such studies is that identification of the source of the clay'" would allow us to locate the place of manufacture of the imported vessel (and possibly also its contents), and that the combined knowledge of both the source and the destination (findspot) would identify international commercial networks. Some of the analyses carried out in the course of this project have been directed towards answering questions of this nature; but because several of the Tell esSa'idiyeh stirrup jars appear visually to have been manufactured from a central Jordan Valley clay source, the questions of how these pots were made, and perhaps more importantly by whom, have also been addressed.'6 THE PROJECT The first phase of this project may be outlined as follows.
Premise. The stirrup jar is a purely Aegean form that was used to transport olive oil products within and without the Aegean area. No matter how greatly its size and body profile may vary, certain morphological characteristics (disc, false neck, handles, and offset (true) spout) remain constant. These features caused the products to be readily identifiable in foreign markets, where they demonstrated considerable appeal for over three centuries. Towards the end of the Late Bronze Age, stirrup jars executed in vastly inferior fabrics begin to replace the true imports in the eastern markets.
Hypothesis. There is more than one way to make a stirrup jar. Individual potters or workshops can produce visually similar vessels using different manufacturing techniques. Artisans from ceramic traditions that do not include the stirrup jar might create passable 17 A parallel case, and a classic example of such a 'signature', is the late bronze age Cypriot potters' penchant for attaching vertical handles by pushing the bottom part of the handle through the body of the vessel (Astr6m (n. 8), e.g. pls 42. 7 (Black Slip IV); 49. 9 (Base Ring I); 52. 1-55 (Base Ring II); 56, 'handles' (Red Slip Wheelmade); 58. 6. 7 (White Shaved); etc.). When, during the LB II period, the Cypriot potters began to imitate the (by then) centuries-old Syro-Palestinian 'dipper' juglet, whose exterior surface is shaved (or pared) vertically, they inserted the bottom of the handle through the body of the vessel. This is a technical treatment that was never done by the Palestinian potters. See R. Minnesota, 1983 ; abstract only consulted). Both these authors consider the evolution of the potting techniques used by Mycenaean and Minoan artisans, in particular the relationship between the use of hand-building techniques and wheel-throwing. Evely comments directly upon the production of stirrup jars, noting that the identification of the techniques of manufacture of the kylix and of the stirrup jar causes some problems, and that 'in the case of the stirrup jar I have been unable to reconstruct the various methods used in its production' (ibid. 402). Evely also makes specific reference to the 'false' necks of the stirrup jar, noting that 'A considerable range of solid, hollow and thrown cylinders and their flat or conical caps make up the central "false" neck' (ibid.); as will be demonstrated later in the present paper the nature of the false neck is of some interest in elucidating the techniques of manufacture. In an attempt to provide some control on the original sources (as opposed to the findspots) of the vessels, most of the stirrup jars were analysed chemically using neutron activation analysis. Once again, this technique was selected as being minimally destructive; it requires only the removal of a small amount of powdered sample. The analytical techniques are described more fully below.
SCIENTIFIC METHODS

XERORADIOGRAPHY
As has been noted already, the nature of the archaeological material (i.e. essentially complete or fully restored three-dimensional objects) demanded the use of scientific techniques which were essentially non-destructive. X-radiography fulfils this requirement and, moreover, the technique of xeroradiography originally developed for medical purposes26 has been found to be most useful in studies of ceramic technology.27
Xeroradiography differs from conventional radiography in a number of respects, most notably in the sensitive medium used to capture the image. Instead of a sheet of film, an aluminium plate coated with amorphous selenium is used to record the X-ray image. Before exposure, an electrostatic charge is applied to the surface of the plate; upon exposure to X-rays this applied charge is caused to leak away differentially in proportion to the received X-ray dose. Thus a residually charged latent image remains on the plate. In a manner analogous to that of a photocopier, this latent image is then developed by exposing the plate to a cloud of finely divided charged powder and transferring the resulting toner image from the plate to a sheet of plastic-coated paper.
The images thus produced exhibit a particular feature known as 'edge enhancement'. This arises from the interaction of the charged toner particles with the charged latent image, and has the effect of emphasizing otherwise minor discontinuities in the radiographic density of the object. This feature has been found to be particularly useful in studies of ceramic materials, because it aids the recognition of voids and inclusions in the clay body. The facility with which inclusions can be recognized using xeroradiography has led to the use of the technique to study the nature, amount, and distribution of temper (i.e. opening material) in prehistoric ceramics. Recognition of this material, frequently added by ancient potters to aid in the processing of clays, can assist in the characterization of ancient ceramics.28
However, the area of ceramic studies in which the xeroradiographic technique has enjoyed particular success is in the investigation of forming and fabrication techniques.29 Critical to this success is the potential of xeroradiography to provide images in which features such as the distribution and orientation of elongate voids and inclusions, and the nature and arrangement of micro-cracks, can be observed. These features are characteristic of forming techniques (e.g. slab-building, coil-building, wheel-throwing)30 and can also yield information on construction techniques such as the application of decorative motifs, handles, spouts, and so on. It is in this area of investigation that the technique had particular application to our study of Aegean stirrup jars.
The X-ray exposures were made using a Seifert X-ray generator, generally operated with an applied voltage of 150 kV and a tube current of 2 mA. Images were recorded on to Xerox Medical Systems plates, conditioned and processed using an XMS 125 system. Exposure times were generally in the region of ten to twenty seconds.
NEUTRON ACTIVATION ANALYSIS (NAA)
This technique was used to try to find the geographical origin of each jar: did all the jars from each site have a common origin, or are some imports? Do differences in construction technique found by xeroradiography arise from different origins? Neutron All the jars were analysed using the usual NAA technique adopted in the British Museum's Department of Scientific Research.s2 Samples were taken for analysis, usually from the footring, with a 2 mm diameter tungsten carbide drill. Portions of the resulting powder weighing 20-40 mg were sealed into short lengths of high-purity silica tubing, and irradiated in batches of sixty samples together with portions of an in-house standard pottery of known composition, for calibration. The samples were irradiated at the University of London Reactor Centre at Ascot, Berkshire, and were returned to the British Museum on the fourth day after irradiation, for counting on a gamma spectroscopy system. Extensive computer processing of the raw data resulted in quantitative analyses for twenty-three elements in each sample. Multivariate statistical programs for principal components analysis and cluster analysis were used to interpret the neutron activation analysis results.33 The results are reported in TABLE 2;34 the jars have been grouped according to the origins inferred from analysis and by reference to comparative published analyses.
VISUAL OBSERVATION
All the vessels were carefully examined visually, where appropriate also using a binocular microscope, in order to try to identify any features which might allow the characterization of particular techniques or traditions of manufacture. Particular attention was paid to body shape, character of the base, and size and proportions of the spout. On a small number of vessels, breaks in the vessel walls allowed the interior of the jar to be observed by eye and also with the aid of a deep-field video microscope (Keyence Corporation).
X-RAY FLUORESCENCE AND X-RAY DIFFRACTION ANALYSIS
The nature of the materials used to produce the decorative designs and motifs in various shades of red, brown, and black were investigated on a selection of the jars. Qualitative elemental information was obtained, using non-destructive X-ray fluorescence analysis 
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(XRF). Areas of decoration a few square millimetres in size were examined in air, using a molybdenum tube. X-ray diffraction analysis (XRD) was used to determine the crystalline phases present in the coatings; very small samples were removed from a range of coatings, and their diffraction patterns recorded using Debye-Scherrer cameras.
OBSERVATIONS AND INTERPRETATION NATURE OF THE COATINGS
The analytical results obtained indicated the use of several different raw materials to produce the decorative coatings but generally there did not appear to be any particular correlation with either temporal or geographical factors. For this reason the results will not be presented or discussed in detail here; but a brief summary may be given. The qualitative XRF analyses suggested, not surprisingly, that all the red and redbrown to black coatings had been produced by the application of ferruginous materials. Many of the samples analysed by XRD were found to contain the red iron oxide, haematite. The range of colours observed probably relates in part to the use of different raw materials, but variations in firing conditions were probably of at least equal significance.
The only exceptions concern two relatively late (twelfth-century) Cypriot vessels (c 695-6). Their decorative schemes are very similar and are distinctive in two respects: the lower half of each jar is covered by a continuous coating rather than the bands normally seen; and the coatings are of a particularly dense, matt black colour. Analysis by XRF showed both coatings to be rich in manganese (in addition to iron).35
TECHNIQUES OF CONSTRUCTION
Examination of the vessels and the radiographs suggested that any differences in potting technique were likely to involve features such as the spouts, the handles, and the false necks. Our observations are summarized here. Spouts. PLATE 2 (b) is a reproduction of a xeroradiograph of a stirrup jar from Rhodes (PLATE 2 a). Inspection of this image reveals a number of features which suggest that the spout of the jar was formed separately and then luted on to the (leather-hard) body of the jar. Perhaps the most obvious feature which can be seen on this radiograph, and also in radiographs of other vessels, is a misalignment of the central hole of the spout and the hole cut through the wall of the vessel. Such misalignment is difficult to reconcile with a spout which had been inserted through the wall of the jar (or which had been raised directly from the wall of the vessel). Another feature frequently observed was the presence of air gaps between the spout and wall of the vessel, again suggesting a discontinuity or join between the wall and spout. On a number of radiographs (including that in PLATE 2 b) areas of clay can be seen extending inwards from around the hole, through the wall and into the jar. Although these tongues of clay might be 35 It is interesting to note that, although found elsewhere, the use of the 'manganese-black' technique for decorating ceramics was particularly popular on interpreted as indicating that the spout was inserted through the vessel wall, careful observation of the alignment and internal diameter of the spout shows that this was not the case; the spout was simply luted on to the body of the jar.
Direct visual confirmation of this interpretation was obtained by observation of the stirrup jar from Rhodes illustrated in PLATE 2 (a). This particular vessel is incomplete, allowing observation of the interior. PLATE 2 (c) shows a view of the interior of the spout hole, recorded using a video microscope. It can be seen that the tongue of clay around the hole (seen in the radiographs) is indeed continuous with the wall of the vessel; there is no indication that the spout on this particular vessel was inserted through the wall.
Handles. As with the spouts, there was no indication from the xeroradiographs that the handles on any of the vessels had been affixed by inserting them through the walls of the jars. In all cases it appeared that the handles were simply luted onto the exterior of the body (see PLATE 3 a-b). The only variant to simple luting is illustrated in PLATE 3 (d);
here it can be seen that a small wedge of clay (arrowed) was added, to strengthen and perhaps improve the appearance of the joins on the finished vessel (PLATE 3 c). The question of whether the handles were applied in two parts (i.e. body to false neck/false neck to body, or as a single handle passing over the top of the false neck) was considered, but the radiographs did not yield a great deal of evidence. Any positive indications that were seen suggested that the handles were added as two separate straps; but this is not to suggest that handles were always made in this way.
False necks. The xeroradiographic observations revealed two distinct techniques for producing the false necks on the stirrup jars. The first apparently involved drawing up a hollow (PLATE 4 a-b) or semi-hollow (PLATE 4 c-d) false neck, which was integral with the body of the stirrup jar. No evidence was seen in the radiographs to suggest that these hollow or semi-hollow false necks had been formed separately and then luted onto the body of the vessel; in all cases they appeared to be integral with the body.
The second major variant which we have identified involves the production of a solid false neck. It can be seen from the radiograph of a vessel from Gurob (PLATE 5 a-b) that the solid post on this vessel was luted onto the outside of the (presumably leather-hard) jar. Examination of the radiographs suggests that in this instance the globular body was almost totally closed before the application of the false neck. In other examples (for instance vessel A 912 from Rhodes; PLATE 5 c-d) a rather larger hole was left, but again the false neck appears to have been luted onto the surface of the vessel. Direct observation of the interior of this vessel using the video microscope confirmed this interpretation of the radiograph.
ORIGINS OF THE JARS INFERRED FROM NEUTRON ACTIVATION ANALYSIS
The interpretation of the neutron activation analyses by principal components and cluster analysis showed that the jars could be divided into several composition groups (i.e. groups of samples with closely similar analyses) representing different sources, together with some outliers which did not fit into the groups. The broad sources have been identified by comparison with available neutron activation analyses of relevant ceramics of known origins, as discussed below. Further analyses (some already in progress) may lead to refinement of these source attributions, particularly those within the Argolid. The jars have been grouped in TABLE 2 by their inferred sources; the inferred sources are also given in TABLE 1. 
DISCUSSION
AND CONCLUSIONS
CERAMIC TECHNIQUE
The xeroradiographic observations reported above have shown that the main variation in the techniques used to produce the stirrup jars included in our study lies in the ways in which the false neck was formed or affixed to the body of the pot. The observations suggest that in all cases the true spout was formed separately and luted onto the surface of the vessel, presumably at the leather-hard stage. No evidence was seen for the adding of the spout by insertion, although it was observed by both the professional potters involved in the study that insertion of the spout might offer a rapid and convenient method of application, since it would be easier to adjust the angle of the spout. Similarly, there was no indication that the handles were affixed by insertion through the walls of the jar. Two essentially different methods (both identified independently by the modern potters) appear to have been used to produce the false necks. The first of these, in which the hollow or semi-hollow false neck was thrown as one with the body of the jar, would have been a very quick and efficient method for producing stirrup jars in a range of sizes. Practical experience suggested that the second method, in which the vessel was thrown to the base of the neck and a separately thrown solid false neck added, would also have provided a convenient method of production. The steps involved in the construction of stirrup jars using these two methods are illustrated by the series of photographs in PLATE 6.
It is interesting to observe that whilst the second method (solid false neck) would seem to be a technique developed specifically to make stirrup jars, the production of vessels with hollow, integral false necks involves the intermediate production of a recognizable ceramic form, namely a globular jar. This perhaps suggests that these two approaches to the making of stirrup jars represent something more than just casual differences of technique; rather, they may suggest a more fundamental difference in potting tradition. The notion that the potter's technique may be influenced by tradition receives independent support from investigations of ancient and modern pottery production carried out in Crete by Peter Day.52 In particular, he suggests that patterns observed in techniques of clay mixing indicate 'culturally derived traditions of pottery making'. Taken with our results, this suggests that the technology of the stirrup jars may provide a key to recognizing the cultural background of the potter.
If we consider the radiographic observations on the three local Tell es-Sa'idiyeh vessels, it is immediately apparent that all were made with hollow false necks, using the 'modified globular jar' technique. Conversely, it is also apparent that seven of the nine jars from the Greek mainland (see TABLE 1) were made with solid false necks. These initial observations would perhaps offer some support for the notion of a link between ceramic technique and tradition or cultural background.
However, when the technology of the stirrup jars found at Tell es-Sa'idiyeh but attributed to other sources is considered, the putative linkage between technique and tradition is not so clear. When vessels from other sample groups are considered, the picture rapidly becomes even more confused; this is, of course, to some extent a result of the fact that these vessels were widely traded, so that their findspots do not necessarily reflect their places of manufacture. This problem is alleviated to some extent by the NAA data, which provide a 'control' on the origins of the vessels. While our observations do not provide an unequivocal answer to our original question concerning the identity of the potters who made the stirrup jars found at Tell es-Sa'idiyeh, it is nevertheless possible to make some tentative observations regarding the techniques used in ateliers in various locations. For instance, it can be observed that all the jars ascribed an Attic origin have solid false necks; all the jars belonging to the local Rhodes group also have solid false necks. On the other hand, both Cretan vessels and eleven of the sixteen jars assigned to the two Argolid (Mycenae-Berbati) groups were made using the hollow false neck technique.
PRODUCTION AND TRADE
While the information presented here on the technology and composition of the stirrup jars in our study has not allowed firm conclusions to be drawn regarding our initial hypothesis of a link between ceramic technique and cultural background, the NAA data provides information on the temporal and spatial distribution of the stirrup jars from the various sources, which is in itself of some interest. It can be observed that the earlier (LH III A and III B) stirrup jars found in Egypt, in Palestine, and on the islands of Rhodes and Cyprus were imported, mainly from the Mycenae-Berbati source. However, the later LH III cjars from Rhodes and Cyprus (no LH III c examples from Egypt were available to us) were all made from distinctive local clays. It is perhaps interesting to note that we have found no evidence among our, albeit limited, sample that stirrup jars manufactured on Rhodes were exported. Interestingly, one of our examples of later date from Tell es-Sa'idiyeh appears to have been imported (the NAA results suggest that this vessel may have originated on Cyprus); this perhaps suggests an avenue for future research. The temporal and spatial distribution of the stirrup jars assigned to the Mycenae-Berbati groups is also of interest. While vessels from this area are of widespread occurrence in LH III A and III B, no examples of LH III c date from any site were assigned to this compositional group.
All this evidence would seem to suggest that prior to the period which saw the destruction of the palaces, most jars were produced on the mainland, particularly in the Mycenae-Berbati area; these jars were widely traded. In LH III c, however, production and use appear to have been predominantly local. This would seem to provide strong support for other archaeological evidence (alluded to in the introduction) which indicates a contraction in trade in response to the unsettled conditions prevailing in the eastern Mediterranean towards the end of the thirteenth century and into the twelfth century BC. J. Tubb (ibid., fig. 48 a) . 
